A microfluidic reactor for the synthesis of chitosan coated iron-oxide nanoparticles is described. Tapered double Tjunction is used to generate droplets of reactants (iron chloride solution and chitosan solution) which were merged using a pillar array. Third reactant ammonia solution is introduced after the mixing of already merged droplets. Ammonia solution initiates the reaction and precipitates are collected at the outlet. Transmission electron microscope (TEM) imaging along with Fourier transform infrared spectroscopy (FTIR) is used to characterize the nanoparticles. These nanoparticles have applications in nano-medicine where they can be used as drug carriers.
INTRODUCTION
Nanoparticles have been the focus of researchers in the past few decades because of their unique structural, mechanical, thermal, optical and chemical properties [1] . Several techniques have been employed for nanoparticle synthesis; both by using batch-wise production as well as microfluidic platforms. Droplet-based microfluidic platforms have many advantages over conventional batchwise production which includes increased control over reaction conditions such as mixing time, concentration and temperature as well as handling of small volumes and improved reaction kinetics [2] . This work is the first study where chitosan coated magnetic iron-oxide nanoparticles was synthesized inside a microfluidic device. These particles have a high potential to be used in directed drug delivery applications. Formerly chitosan coated nanoparticles were synthesized by batch-wise techniques [3, 4] . In this work we demonstrate the synthesis of chitosan coated iron-oxide nanoparticles in a droplet-based microfluidic device. We generate droplets from two streams of reagents in an alternating way and use a pillar array to merge them. Later, we merge the third reagent to initiate the precipitation of iron oxide. For maintaining an alternating droplet generation, tapered channel geometry is used [5] . Figure 1 shows the layout of the microfluidic device. Tapered double T-junction with an angle of 25⁰ is used to generate the droplets of dispersed phases alternatively. Saqib et al. described that 25⁰ tapper has the maximum efficiency in obtaining alternating droplets where the size and spacing of droplets are also uniform [5] . Both reagents are mixed in 1 to 1 volume ratio, making it essential to use this geometry. Alternating droplets are merged downstream in pillar array using a pillared channel where these pillars force the consecutive droplets to merge due to decrease in flow speed [6] . The channel dimensions are extended from 150μm to 350μm which causes the droplets to slow down so that they can merge. Pillar structure keeps the droplets in straight line and helps the droplet to stop until the next droplet arrives and merges. The length of merging structure is optimized so that only two droplets, one from each source can merge. Sinusoidal channels enhance the mixing of two reagents in merged droplets. Finally, the third reagent (ammonia solution) is introduced to initiate the reaction and precipitates are collected at the end. used as dispersed phase 3 and olive oil was used as the continuous phase. Nanoparticles were collected, centrifuged and diluted in deionized water. TEM imaging and FTIR was done for the sample to characterize the nanoparticles. 
EXPERIMENTAL

RESULTS AND DISCUSSION
TEM analysis was done to analyze the nanoparticles. In order to confirm the presence of Chitosan, FTIR was performed. FTIR data was plotted to compare the corresponding peaks and is presented in Figure 6 . Chitosan presence in the nanoparticles is identified using the FTIR analysis. Successful coating of iron-oxide nanoparticles with chitosan is confirmed by the appearance of characteristic bands like OH at 3330 cm -1 and C=O at 1629 cm -1 [4] . TEM results together with FTIR demonstrate the synthesis of chitosan coated ironoxide nanoparticles.
CONCLUSION
In this work synthesis of iron-oxide embedded chitosan nanoparticles have been realized for the first time using microfluidic platform which resulted in a narrower size distribution compared to the batch-wise methods reported in literature [4] . Residence time has been significantly reduced as compared to batch-wise synthesis.
